Abstract-Geoacoustic inversion using fluctuating signal observations can be challenging. The origin of these fluctuations needs to be understood so the signals can be used appropriately. A set of experiments (Shallow Water 2006) was carried out in shallow water near the New Jersey shelf break in summer 2006.
For geoacoustic inversion, a stable received signal usually is required to obtain stable inversion results.
When using fluctuating acoustic data for inversion, it first is important to understand the fluctuations so that the signals can be used appropriately. The acoustic field depends on the ocean environment (including water column, bottom and surface) and on the source-receiver configuration. As at least one of these factors varies, the acoustic data will exhibit corresponding variations. The time scale of temporal variation ranges widely from seconds to days depending on the factors such as ocean surface waves, internal waves, fronts, eddies, and tides. Among them, the seconds-scale variation clearly is visible in broadband acoustic data, especially when the source repeatedly emits high frequency (>1 kHz) signals. Often, the acoustic data fluctuations affect the data application adversely. Thus, it is desirable that the origin of these temporal variations be understood. site prior to Ernesto and were used in the analysis in Refs. [2] [3] [4] . Here, the relationship between signal fluctuations and the ocean surface waves after the storm is studied in detail. It is demonstrated that these fluctuations are due to the strong thermocline at the site combined with source-depth oscillations due to ocean surface waves.
II. EXPERIMENT DESCRIPTION
The experiment was performed near the New Jersey continental shelf break. Acoustic data were recorded on an L-shaped line array (SWAMI32) located at (39° 3.618' N, 73° 7.897 'W). 5 The SWAMI32 vertical 4 line array (VLA) consisted of 10 hydrophones with 5.95 m spacing. The bathymetry is range-independent with water depth of 69 m. According to the surveys in the vicinity, the seabed consists of a coarse sand ridge above the outer shelf wedge of a sand-clay-silt mixture. 5, 6 During the experiment, R/V Knorr towed a source at 0.5-1 knots along the circular track around the VLA, 
III. ACOUSTIC DATA FLUCTUATION ANALYSIS

A. Analysis of the arrival amplitudes
The data obtained from 10 hydrophones on the SWAMI32 VLA were analyzed. The raw data were matched filtered using a synthetic 1-s 1.1-2.9 kHz LFM waveform. Fig. 2 (a) shows an example of the matched filtered time series for all channels. Due to the wavelet being compressed after matched filtering and the short source-VLA distances (198 m), a well-resolved arrival structure including direct (D), surface reflected (SR), and bottom reflected (BR) arrivals is obtained. The experimental site was on the sand ridge above the outer shelf wedge (see Section II). The thickness of the sand layer was 3-5 m. 5 However, the 5 sub-bottom reflection is not evident in the data which might be due to the lower impedance contrast between the sand layer and outer shelf wedge compared to the water-seabed interface.
All of the experimental data showed similar arrival structure as Fig To obtain high-resolution arrival time and amplitude, the data were up-sampled by a factor four to 25
kHz. From the up-sampled matched filtered time series, the maximum of the envelope of amplitudes of the direct, surface-, and bottom-reflected arrivals were estimated using a wavelet matching technique. For all channels, the amplitudes shown in the dominant wave direction is 90 o , we speculate that the faint sinusoidal variation in spectrogram structure is due to propagation differences in response for acoustic waves in the along and across ocean wave direction.
Spectral analysis of the arrival amplitudes shows that the fluctuations are related to ocean surface waves.
To quantify the effect of surface waves, a statistical analysis with respect to receiver depth was carried out using amplitudes over a 1 min period rather than the entire observation period (this reduces the effect of radial source array variation). Fig. 5 (a) shows these statistics for amplitudes of the direct, surface-, and bottom-reflected arrivals for 60 pings (1 min) starting at 22:50 UTC.
The surface reflected arrivals show large amplitude fluctuations for all receiver depths with mean amplitude slowly increasing with depth (longer ray path). The bottom-reflected arrivals have the smallest standard deviation among the three kinds of arrivals. The overall mean amplitudes of surface-reflected arrivals are smaller than those of bottom-reflected arrivals. This is in contrast with the ideal flat surfaceand bottom-boundaries. Thus, this could be due to scattering from surface waves.
The direct arrivals show a depth-dependent feature that is distinguished from other arrivals. At first, large amplitude fluctuations are observed at the hydrophones located in the middle of the water column where 7 the acoustic propagation is most influenced by the negative gradient thermocline [see Fig. 1(b) ] for the given source-receiver configuration. Secondly, small mean amplitudes of direct arrivals are observed in the upper three channels (Channels 1-3) compared with the other channels, which cannot be explained by simple geometrical spreading.
The most obvious influence of ocean surface waves on the experiment is to cause ship motion that accompanies movement of the source attached to the towing ship. The source will oscillate at the surface wave frequency and its amplitude will be determined by the coupled heaving and pitching ship motion. 13, 14 In our case, the significant wave height of the ocean was approximately 2.2 m, and considering the pitch motion to be small, the source oscillation amplitude would be within 1-3 m. Although ocean surface waves can cause variation in the SSP due to water particle motion, the motion decreases exponentially with depth and practically can be ignored. Thus, it is assumed that the relative vertical motion between the source and the thermocline oscillates with amplitude within 1-3 m.
B. Simulation of the direct arrival amplitude fluctuations
Focusing on the direct arrivals, a simulation was performed to test if the thermocline along with the source oscillation reproduces the observed features in the water column (see Fig. 5 ). For the simulation, the SSP of Fig. 6(b) was used. The SSP was inverted using the approach in Ref [3] and the data measured at 22:50 UTC. The SSP was held constant while the source oscillated between 34-36 m at the frequency 0.12 Hz. Small amplitudes are observed for the direct arrivals above the thermocline (Channel 1-4) in Fig. 5 . As an acoustic wave propagates from the source, the energy is confined in a ray tube. In an isovelocity medium, the ray paths are straight and the amplitude depends only on the travel length (geometrical spreading). In a refracting medium, however, the ray tube cross-section and thus the resulting arrival amplitude depend on the refraction over the ray path following Snell's law. 15 Above the thermocline, the eigenrays experiences larger ray tube expansion than simple geometric spreading while passing through the thermocline zone at low grazing angle. Thus, the direct path amplitudes are lower in the upper channels in Fig. 5 .
IV. CONCLUSION
Fluctuating received array signals have been analyzed so they can be used appropriately for geoacoustic The horizontal axis is the source-VLA azimuth, see Fig. 1(a) . The dynamic range of (f) differs from (b and d) for a more clear representation. The horizontal axis is the source-VLA azimuth, see Fig. 1(a) . The dynamic range of (f) differs from (b and d) for a more clear representation. 
